" AD-A157 874  WAVE CLIMATOLOGY STUDY FOR LUDINGTON HARBOR MICHIGAN 172

(U) COASTAL ENGINEERING RESEARCH CENTER YICKSBURG MS
- G M HORSHAM JUN 85 CERC-85-7
UNCLASSIFIED F/G 8/8 NL




FEE
WWMMLM

ofl —
==
= =

2 s e

MICROCOPY RESOLUTION TEST CHART

MATIONAL BUREAU OF STANDARDS-1963-4

L T )
£)
*

[ Y




Y
: I
v I

m
| DR —

US Army Corps
of Engineers

AD-A157 074

L e e AT A AR

MISCELLANEOUS PAPER CERC-85-7

WAVE CLIMATOLOGY STUDY FOR
LUDINGTON HARBOR, MICHIGAN

by
George M. Horsham

Coastal Engineering Research Center

DEPARTMENT OF THE ARMY
Waterways Experiment Station, Corps of Engineers
PO Box 631
Vicksburg, Mississippi 39180-0631

June 1985

Final Report
g Approved For Public Release; Distribution Unlimited
" DTIC
= ELECTE
= JuL2 9 885
]
=

E

Prepared for

US Army Engineer District, Detroit
Detroit, Michigan 48231-1027

85 7 16 105

3
S R Ty RO 25 PR S A R R o At R R SRTIRR T 2 T I I L C L S ~ s
VA G TR TSRS O SR L L O O DA OAGAC AL A VENAE A AE AT AT AR RSN,



M Qe P r W Tk Bt AL o B el B R L Bod . B O Tk B d ;5

B T O T T P T S N I P N T ST T 1. VP B i T s SRR S, L TS

&,
8
3
4
. Destroy this report when no longer needed. Do not return y
s it to the originator.
() g
q
Y
The findings in this report are not to be construed as an official
Department of the Army position unless so designated
by other authorized documents. ;
Al
L]
4
4
The contents of this report are not to be used for
; advertising, publication, or promotional purposes.
y Citation of trade names does not constitute an
official endorsement or approval of the use of .
; such commercial products, '
)
)
i
kY

AN NP e 4

.y o - [ - - . -aw
a3 ...‘s f.r-gq! ’\-v_..,.\\ ~N '\‘!\ ‘!'v-\? 7 ’;} .| ..-..5.-."‘ &, ‘“

R



Unclassified

SECURITY CLASSIFICATION OF THIS PAGE (When Dats Entered)

READ INSTRUCTIONS
REPORT DOCUMENTATION PAGE sEs EAD INSTRUCTIONS

1. REPORT NUMBER 2. GQMT ACCES N 3 1ENT'S CATALOG NUMBER

Miscellaneous Paper CERC~85-7 #/i;
4. TITLE (and Subtitle) S TYPE OF REPORT & PERIOD COVERED

WAVE CLIMATOLOGY STUDY FOR LUDINGTON HARBOR, Final report

MICHIGAN

€. PERFORMING QRG. REPORT NUMBER

7. AUTHOR(a) 8. CONTRACTY OR GRANT NUMBER(s)

George M. Horsham

9 PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT. PROJECT, TASK
AREA & WORK UNIT NUMBERS
US Army Engineer Waterways Experiment Station
Coastal Engineering Research Center
PO Box 631, Vicksburg, Mississippi 39180-0631
9. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE
US Army Engineer District, Detroit June 1985
PO Box 1027 13. NUMBER OF PAGES
Detroit, Michigan 48231-1027 14%

T4 MONITORING AGENCY NAME & ADDRESS({! ditfarent from Controlling Office) 18. SECURITY CULASS. (of thia report)

Unclassified

1S5a. OECLASSIFICATION/DOWNGRADING
SCHEOULE

16 ODISTRIBUTION STATEMENT (of thie Report)

Approved for public release; distribution unlimited.

17 DISTAIBUTION STATEMENT of the abairact sntered in Black 20, if different from Report)

p——————
18 SUPPLEMENTARY NOTES

Avattab e from Nattonal Fechnical Information Service, 5285 Port Royal Road,
spranstield, Virginia 2161,

e et e
19 wFv WOROS Confinue > re e a8 sids ! ne essan and rdenttly dy block number)

Harbor des,on Fsteryon
Harbor rosbhose.s

waves
i} Wave stode
; Wﬂu—n\m;;; ide 1t vecewsery aad (dentify By block number)

W St - . T e ated a4 tudimggton Harbor, Michigan, from May 1983
to Becomber ey, BT Y E RN U A A totae study was to determine the relation-
ship ot wive wtoon ge the harroa veirl wave action occurring in Lake Michigan.
One 2o was Locass 1 otn ake Yoo ntoan Sust o oul siae the harbor the other was

' Located 0 the Qv ot ior vinv e ) vt terrs termiaail numher 1. Concurrent wind

\ data were obrained o the Tadineton Hasbor Coast Guard Station.  Interpreta-
tion of the resalis and conciust s are preseonted.

T) DD ,:2:-,, I3  tomon o ' wov SIS 0BSOLE TE Ui lasei§iod

! LR FLASSIEICATINN OF THIS PALE 'When Nata Entered)

e RGO




PREFACE

The study described herein was performed at the request of the US Army
Engineer District, Detroit, and was authorized on 5 April 1983.

The study was conducted from May 1983 to September 1984. From May 1983
to July 1983, the study was performed at the US Army Engineer Waterways Exper-
iment Station (WES), Hydraulics Laboratory (HL), under the direction of
Mr. H. B. Simmons, Chief, Mr, C. E. Chatham, Acting Chief, Wave Dynamics Divi-
sion (WDD), and Mr. D. G. Outlaw, Acting Chief, Wave Processes Branch. From
July 1983 to September 1984, the study was performed at WES in the Coastal
Engineering Research Center (CERC), under the direction of Dr. R. W. Whalin,
Chief, Dr. Fred Camfield, Acting Chief, Engineering Development Division
(EDD), and Dr. Dennis R. Smith, Chief, Prototype Measurement and Analysis
Branch. CPT George M. Horsham conducted the study and prepared this report.

Commanders and Directors of WES during the performance of the study and
preparation and publication of this report were COL Tilford C. Creel, CE, and
COL Robert C. Lee, CE. Technical Director was Mr. Fred R. Brown.
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CONVERSION FACTORS, NON-SI TO SI (METRIC)
UNITS OF MEASUREMENT

Non-SI units of measurement used in this report can be converted to SI (metric)

units as follows:

Multiply

feet
miles (US statute)
pounds (mass)

slugs (mass) per cubic foot

— By
0.3048
1.609347
0.4535924

515.3788

To Obtain

metres
kilometres

kilograms

kilograms per cubic metre




WAVE CLIMATOLOGY STUDY FOR LUDINGTON HARBOR, MICHIGAN

PART I: INTRODUCTION

1. At the request of the US Army Engineer District, Detreit, the
Coastal Engineering Research Center (CERC) of the US Army Engineer Waterways
Experiment Station (WES) submitted a proposal for conducting a wave climatology
study of Ludington Harbor, Michigan. The proposal was accepted, and funds for
the study were authorized on 5 April 1983.

2, The primary objective of the study was to measure wave conditions in
Lake Michigan in the vicinity of the harbor entrance and, simultaneously, in
the Ludington Harbor channel. The acquired wave data were then used to char-
acterize the relationship between wave conditions in the inner harbor with
those occurring in the lake.

3. Ludington Harbor, Michigan, is located on the eastern shore of Lake
Michigan, about 153 miles* northeast of Chicago, Illinois, and 60 miles north
of Muskegon, Michigan (Figure 1). The harbor is configured as an outer basin
formed by two shore-connected arrowhead breakwaters and an inner channel which
connects the outer basin with the northern end of Pere Marquette Lake where
the lake ferry berthing facilities are located (Figure 2).

4. The scope of work of the study included design, deployment,
maintenance, and recovery of two wave measurement systems, reduction and
analysis of acquired wave data, correlation of observed wind and wave con-

ditions, and evaluation of results.
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* A table of factors for converting non-SI units of measurement to SI
(metric) units is presented on page 3.
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PART II: WAVE MEASUREMENT SYSTEM

5. Each of the two wave measurement systems employed in the study
consisted of a tripod instrumentation platform, wave gage, acoustic location
device, steel mooring cable and float, and a lighted witness buoy. Figure 3
is a schematic depiction of the system. The wave gages are self-contained,
internal recording pressure sensing instruments. The gages were configured to
acquire 1,024 pressure samples N at a rate of 1 Hz, resulting in record
lengths of 1,024 sec T , or about 17 min. A wave record was acquired every
2 hr.

6. The wave measurement systems were initially deployed on 26 May 1983
with the assistance of Grand Haven Area Office, CE, personnel. Gage 9 was
deployed in Lake Michigan; Gage 7 was deployed at the east end of Ludington
Harbor Channel. Site selection for placement of the gages was made after
reviewing information presented in the physical model study of Ludington
Harbor.* The gages were serviced at approximately 60-day intervals. During
the October 1983 servicing, Gage 9 was found to be defective and was replaced
by Gage 67. The gages were retrieved from the measurement sites on
10 December 1983.

7. Table 1 provides a wave data statistical analysis summary, and
Tables 2-4 provide a wave data record summary for Gages 7 and 9. Significant
wave height versus time data for Gages 7, 9, and 67 are presented in Plates

1-6.

* L. G, Crosby and C. E. Chatham, Jr. 1975 (Sep). "Design of Entrance Chan-
nel Improvements for Ludington Harbor, Michigan; Hydraulic Model Investiga-~
tion," Technical Report H-75-14, US Army Engineer Waterways Experiment
Station, Vicksburg, Mississippi.




a4 e LA L ’ Ay 2 shiplohed s AN A LS s L o Ta%sal s

wa3SAs juawmainseaw a3e3 aaemq ¢ 3andyjg “

;: y. Y4 L L/ YOI YY /L1 g

L K,
y aIV0S Ol YIONI OIISNOOV y
) NMVYQ LON ANV F9VD FAVM 11-6€9 TAW .
", HIIM W0ALVId INAWNYISNI .,.

ANIT ONIYOOH IdVd—-OMI
13 €€=P

SR I

T
LR

NOILVLOTd dDVJ4NSdNs

\¢-‘ aYe ‘-_\‘." a~_.¢

8

)

, \..

2009 SSIANIIM QIIHOIT ]

EATALY




D e w L e e N R A R e N ¥ G W W v rr——

e e e N T R A W W W o I YIS ST T

PART III: DATA PROCESSING AND ANALYSIS

8. The raw data were examined and edited for bad data points. Those
wave records which contained greater than a selected small percentage of bad
data points were discarded. The edited wave records then were spectrally ana-
lyzed via a Fast Fourier Transform algorithm. The appropriate depth response
factor was applied to each frequency band, and pertinent statistics were com-
puted. The computed statistics include significant wave height Hs , peak
period TS , and spectral density plots for selected wave records (Appendix B).
The spectral plot scaling factor is constant to allow direct intercomparison
of results. The plots are useful for intercomparison of wave conditions in
the lake and channel at corresponding times. Appendix A provides details of
the wave data processing procedure.

9. Wind direction, wind speed, and significant wave height measured at
both locations were correlated as functions of time during periods of signifi-
cant wave activity. The correlation procedure consisted of plotting wind-
speed, wind direction, and significant wave heights as ordinate values and

times as the abscissa (Appendix B).
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PART IV: CONCLUSIONS

10. Evaluation of the data presented herein led to the following
conclusions.

11. Significant wave heights in Lake Michigan during the period of
observation ranged from less than 1.0 ft to a maximum of 8.8 ft. Signifi-
cant wave heights in Ludington Harbor Channel ranged from less than 1.0 ft to
a maximum of 1.3 ft. The greatest peak period observed in Lake Michigan during
the period of observation was 8.8 sec; the greatest peak period observed in
the Ludington Harbor Channel ranged from about 6,2 sec to about 6.5 sec.*

12. Inspection of peak periods occurring simultaneously in the lake and
harbor channel indicate a very close relationship between the periods up to a
maximum of about 6 sec. During times when the peak period in Lake Michigan
exceeds 6 sec, the period in the harbor channel is still about 6 sec. It
appears the geometrical configuration of Ludington Harbor does not permit
waves of periods greater than about 6 sec irrespective of the periods of the
waves entering the harbor from Lake Michigan.

13. Comparison of the wind and wave records indicates that periods of
greatest wave activity in the harbor channel coincide with periods when the
winds are from almost due west. It is during these periods that the peak of
the wave spectra obtained in the harbor channel closely match the peak of the
spectra obtained in Lake Michigan; thus it is reasonable to assume that the
waves observed in the channel are propagating in from Lake Michigan. However,
when the wind is from directions other than very close to due west, there is
almost no wave activity observed in the harbor channel even though the signif-~
icant wave height in Lake Michigan just outside the harbor exceeds 4 ft. Con~
versely, when the wind is from almost due west, the significant wave height in
the harbor channel approaches the observed maximum of 1.3 ft even though the

significant wave height in Lake Michigan at the time is only about 2 ft.

* The periods of 227.556 shown in Tables 2, 3, and 4 are a consequence of
spectrally analyzing wave records obtained during calm conditions and are
ignored for the purpose of this discussion.
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APPENDIX A: WAVE DATA PROCESSING PROCEDURE

Subsurface Pressure

1. Subsurface pressure under a wave is the summation of two contribut-

ing components, dynamic and static pressure, and is quantitatively defined as

v cosh [2n(z + d)/L] H 25x  2mt
P 8 cosh (2nd/L) 2 €°% |1 T |~ P82 + Py (AD)
where
p' = total or absolute pressure

p = w/g = mass density of water (for saltwater, p = 2.0 1b-

sec2/ft4 = 2.0 slugs/ft3 ; for freshwater, p = 1.94 slugs/ft3)

d = water depth

H = wave height

L = wave length

T = wave period
P, = atmospheric pressure

The first term of Equation Al represents a dynamic component due to accelera-
tion, while the second term is the static component of pressure. For conven-

ience, the pressure is usually taken as the gage pressure defined as

Equation A2 can be written as
oo oo S LEte £
2. It is often necessary to determine the height of surface waves based

on subsurface measurements of pressure. For this purpose it is convenient to

rewrite Equation A3 as

Al




R B A AR S SR AL A AT A

n= X p;Kz 2 (a0)
where
N = correction factor equal to unity if the linear theory applies
z = depth below the still-water level of the pressure gage
Kz = pressure response factor

Several empirical studies have found N to be a function of period, depth,
wave amplitude, and other factors. In general, N decreases with decreasing
period, being greater than 1.0 for long-period waves and less than 1.0 for
sﬁort—period waves.

3. The pressure response factor Kz is therefore written as

_ cosh (kh)
z  cosh (kD) (45)

where
k = local wave number
= local water depth
D = height of the sensor above the bottom

4. The spectral energy of the sea surface is thus related to the pres-

sure spectrum by the following equation:
E (f) = cosh (kh) 2 E (f) (A6)
] cosh (kd) P

where subscripts s and p refer to the surface and pressure spectra,
respectively.

5. The significant wave height HS is quantitatively defined as

1 1/2

24t

Hs =4 f Es(f)df
/T

The processed data were smoothed by band averaging eight frequency components

of the raw periodogram. The final bandwidth resolution Be of the wave

A2

A I W

PN

|



spectra therefore is Be = 1024 = 0.0078 .

Statistical Analysis

6. The wave record data were analyzed to obtain statistical parameters

as functions of wave frequency. The statistical analysis output parameters

were
a. Band number - the nth band of the wave frequency spectrum.
b. Wave frequency - the central frequency of each band in the
frequency spectrum.
c. Wave period - the period corresponding to the wave frequency.
d. Valid observations - the term "valid” means that the wave record.

contained 20 or fewer bad pressure samples.

e. Percent of valid records - the quantity of valid observations
compared to the total quantity of wave records.

f. Probable maximum wave height - the probable height of the
highest wave predicted by the Rayleigh Wave Height probability
distribution, a height ratio of 1.87.
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APPENDIX B: WAVE DATA SUMMARY

1. This Appendix presents a summary of wave data. Pages B2, B25, BS1,
and B62 present wind speed, wind direction, and significant wave height data
plots for (a) 13 October 1983 - 15 October 1983, (b) 20 November 1983 -

22 November 1983, (c¢) 24 November 1983 - 26 November 1983, and (d) 29 November
1983 - 1 December 1983, respectively. Corresponding spectral plots are pre-~
sented for time periods (a), (b), (c), and (d) on the following pages:

(a) pages B3-B24, (b) pages B26-B50, (c) pages B52-B6l, and (d) pages B63-B82.
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